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(57) ABSTRACT

A method of calibration of a dataset for spectroscopically
resolved radiation scanning, comprising the steps of: gener-
ating an apparatus condition specific calibration dataset of
emergent radiation intensity information generated after
interaction in the scanning zone of at least one standard object
spectroscopically resolved into a plurality of frequency
bands; providing a transferable database comprising a dataset
of transferable data items of emergent intensity information
for a range of component materials, each spectroscopically
resolved into a plurality of frequency bands and linked to the
condition specific calibration dataset; defining a reference
calibration dataset; generating a transfer function between the
data item and the reference calibration dataset; applying the
transfer function to the transferable data item to generate a
dynamic data item adjusted to the reference calibration;
populating a data register with a dynamic dataset comprising
a dataset of data items each dynamically adjusted to the
reference calibration.
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1
CROSS CALIBRATION OF TWO ENERGY
DISPERSIVE X-RAY BAGGAGE SCREENING
SYSTEMS INCLUDING TRANSFORMATION
OF THE REFERENCE DATABASE

FIELD OF THE INVENTION

The invention relates to the scanning of objects to gain
information about their identity and/or material content using
a radiation source. The invention relates in particular to a
method of calibration of a dataset produced by an apparatus
for scanning an object and to an apparatus adapted for cali-
bration by such a method. The invention relates in particular
to the implementation of a scanner calibration protocol com-
prising the generation and/or use of a reference database of
information characteristic of a plurality of target materials
and the population of a scanner database with dynamically
calibrated reference information derived from such a refer-
ence database.

The invention particularly relates to an apparatus and
method making use of high energy radiation such as x-rays or
gamma-rays to scan objects where it is desirable to gain
information relating to the material composition of the inter-
nal contents. The invention is particularly suited to applica-
tion in conjunction with the scanning of contained liquids to
determine the identity or composition of the contained liquid
but is not limited to liquid applications. The invention may be
applied in conjunction with a method and apparatus that
operates by or in conjunction with the generation of an image
of the material, but is not limited to imaging applications.

BACKGROUND

It is desirable to scan the contents of objects such as, for
example, baggage containers, liquid containers etc, at secu-
rity and customs checkpoints to gain information about con-
tent, for example to obtain an indication that the contents of
the object do not constitute a threat to security or a breach of
customs regulations. It is also desirable to scan the contents of
objects for other purposes such as quality control, content
verification, degradation monitoring etc.

It is known that information useful in this regard may be
obtained from an analysis of radiation received at a detector
after interaction with the object. To ensure that the contents of
an object are what they are claimed to be, it may be useful to
scan the object and contents so that a high energy ionising
radiation beam traverses a cross section of the object. Itcan be
possible to obtain an indication of the materials composition
and/or identity from a numerical analysis of the resultant
transmitted radiation beam intensity data and a comparison of
the results of that analysis with a reference dataset relating
equivalent pre-stored data to a range of expected constituent
materials of a known composition and/or of a known identity
to which unique data can be attributed. Information regarding
the composition and/or identity of an object under test and/or
its contents may then be inferred from a match of test data to
pre-stored data.

The interaction of high energy ionising radiation with an
object is the subject of a number of physical mechanism
including various modes of absorption, diffraction, elastic
and inelastic scattering which have been characterised to a
greater or lesser degree. Many of these mechanisms vary
characteristically with material content in a manner which is
dependent upon the radiation wavelength/frequency.

Instrumentation has been developed which is intended to
examine objects non-invasively to identify content materials,
in particular for example liquids, within sealed containers by
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referencing such characteristic energy selective information
to a database of such data for known materials. According to
techniques disclosed for example in our co-pending Interna-
tional Patent Application Nos. W02009/024817, WO2009/
024818, and WO 2008/142446 a container may be irradiated
with a beam of radiation and the transmission or other char-
acteristics of the container and its liquid contents measured
using an energy selective detector such as cadmium telluride
or germanium.

The transmission or other characteristics of various mate-
rials could be recorded and held in a database. The database
could then be used for comparison with in situ scanning of
objects to look for matched transmission characteristics and,
therefore, target materials could be identified.

A problem arises in that precise transmission data may be
influenced by the apparatus conditions when it is collected.
All instruments will vary to some degree however high a
tolerance is designed in principle. Errors in build, such as
component offsets and misalignments, cannot be eliminated.
Sources necessarily exhibit some variation. Detector perfor-
mances and sensitivities can never be perfectly matched.
Even an individual instrument can vary in performance over
time, eg as operating conditions change, if it is moved etc.
Although good practices and standard processes can reduce
these variations between instruments and apparatus condi-
tions, they cannot be entirely eliminated.

Reference data from a reference database generated on
another instrument or otherwise in other apparatus conditions
can only be used on a current instrument to tolerances that
take due account of these variations between apparatus con-
ditions. This may be inadequate for the levels of precision
required to differentiate multiple materials with closely
related characteristics. The alternative, to populate the current
instrument with a bespoke generated reference database,
would be time consuming and, therefore, unsuitable for many
intended uses, such as in airport security where time is often
of the essence.

There is a need for an improved a method of calibration of
a dataset produced by an apparatus for scanning an object for
non-invasively identifying the composition of its contents so
as to make the data more readily available to other apparatus
or in other apparatus conditions. In a particular preferred case
there is a need for an improved method of populating such an
apparatus with dynamically calibrated reference information
derived from a over an operationally practical timescale. In a
further preferred case there is a need for an improved method
of'populating a central reference database with data generated
from multiple apparatus according to a common reference
standard.

SUMMARY OF THE INVENTION

In accordance with the invention in a first aspect a method
of calibration of a dataset produced by an apparatus for scan-
ning an object by causing incident radiation to impinge upon
the object in a scanning zone and collecting spectroscopically
resolved emergent intensity information of radiation after
interaction with the object, comprising the steps of: generat-
ing an apparatus condition specific calibration dataset of
emergent radiation intensity information generated after
interaction in the scanning zone of at least one standard object
spectroscopically resolved into a plurality of frequency
bands;

populating a transferable database comprising a dataset of
transferable data items of emergent intensity information for
a range of possible component materials, each data item
comprising emergent radiation intensity information for the
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material spectroscopically resolved into a plurality of fre-
quency bands, and each data item being linked to a calibration
dataset of emergent radiation intensity information generated
by the said at least one standard object specific to the appa-
ratus condition used to generate the said data item spectro-
scopically resolved into a plurality of frequency bands;

optionally repeating the foregoing step for a range of appa-
ratus conditions; defining a reference calibration dataset of
emergent radiation intensity information generated after
interaction in the scanning zone of at least one standard object
spectroscopically resolved into a plurality of frequency bands
for a reference apparatus condition;

for each transferable data item:

generating a transfer function from the functional relation-
ship between the calibration dataset linked to the data item
and the reference calibration dataset;

applying the transfer function to the transferable data item
to generate a dynamic data item adjusted to the reference
calibration;

thereby populating a data register with a dynamic dataset
comprising a dataset of data items of emergent intensity infor-
mation for a range of possible component materials each
dynamically adjusted to the reference calibration.

Each dataset of emergent intensity information, whether
for a known material, for a standard object, or for an object
under test is spectroscopically resolved into a plurality of
frequency bands. The apparatus to which the method is
applied is therefore an apparatus for the scanning of an object
in a scanning zone by causing suitable radiation from a radia-
tion source to be incident on an object in the scanning zone
and collecting at a radiation detector system spaced therefrom
information about incident radiation following interaction
with the object that is spectroscopically resolved into a plu-
rality of frequency bands.

The invention is characterised distinctively by the way in
which a specific apparatus to be used is made able to access
and make use of a reference database of emergent intensity
information generated elsewhere for a suitable large range of
likely component materials. In a likely mode of operation of
the invention, this transferable reference database might have
been generated over a prolonged period of time to be popu-
lated by intensity-related information for a large range of
materials, and in particular specific target or contraband
materials, from the use of similar apparatus on other occa-
sions. In particular, such a general reference database might
have been generated over different apparatus conditions from
those which apply to the specific apparatus to be used, and in
the case of a large reference database over many different
apparatus conditions.

It is desirable that such a general transferable reference
database could be made available as a reference database for
any machine prior to use. However, the minor differences in
operational parameters between individual machines will, for
the reasons discussed above, impose limits to the tolerance to
which data in raw form can be transferred to and/or refer-
enced by different apparatus conditions.

In accordance with the invention, an entirely relative cali-
bration is performed to mitigate this problem. A machine
which is to be used to generate data for the transferable
database is first subjected to a calibration step in which emer-
gent intensity data is generated for a plurality of frequency
bands in relation to at least one standard object. Itis envisaged
that in the calibration step reference data is generated for a
plurality of frequency bands in relation to at least two stan-
dard reference points so that a calibration can be fitted
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between them by generation of a suitable transfer function.
This generates a calibration dataset specific to the apparatus
conditions.

Dataused to populate the transferrable database is linked to
this apparatus specific calibration dataset. The transferrable
database may be further populated for a range of apparatus or
apparatus conditions, data again linked to the appropriate
apparatus specific calibration dataset.

All such data is relatively calibrated to a reference calibra-
tion dataset by applying the transfer function to the transfer-
able data item to generate a dynamic data item adjusted to the
reference calibration so as to populate a data register with a
dynamic dataset comprising a dataset of data items of emer-
gent intensity information for a range of possible component
materials each dynamically adjusted to the reference calibra-
tion.

There are two principal methods by which this dynami-
cally adjusted dataset may be made available as a reference
dataset to a given further apparatus and/or under new appa-
ratus conditions. Both rely on the generation, for the appara-
tus to be used, of a further apparatus condition specific cali-
bration dataset for that apparatus to be used. Thus, a transfer
function may again be used to effect a relative calibration
between previously collected data for other apparatus condi-
tions and data collected by the apparatus to be used.

In one possible method, the dynamically adjusted dataset
may be used to populate a reference data register adjusted to
the apparatus conditions of the apparatus in use. In this
instance, the reference calibration dataset is based on a cali-
bration of the apparatus to be used. The step of defining a
reference calibration dataset comprises generating an appa-
ratus condition specific calibration dataset for the apparatus
to be used in the manner above described.

The method comprises the particular steps of:

generating a transfer function from the functional relation-
ship between the calibration dataset linked to the data item
and the calibration dataset generated for the apparatus to be
calibrated;

applying the transfer function to the transferable data item
to generate a dynamic data item adjusted to the apparatus to
be calibrated;

thereby populating a data register addressable by the appa-
ratus to be calibrated with a dynamic dataset comprising a
dataset of data items of emergent intensity information for a
range of possible component materials each dynamically
adjusted to the apparatus to be calibrated.

In another possible method, the dynamically adjusted
dataset is calibrated with respect to a reference standard,
however defined, and data generated by the apparatus to be
used is adjusted to the reference calibration as it is collected.

The method comprises the additional steps, for each mea-
sured data item on the apparatus to be used, of

generating a transfer function from the functional relation-
ship between the calibration dataset linked to the apparatus to
be used and the reference calibration dataset;

applying the transfer function to the measured data item to
generate a data item adjusted to the reference calibration.

On some occasions it may be desirable to provide a
machine with a machine-specific reference dataset in the
manner of the first example method. A specific example of
this application is described below. On other occasions it may
be desirable to adjust machine-specific measurements to a
standard reference. These and other examples of the use of a
relative data calibration to relate measured data on a given
apparatus to be used to reference data in a data register gen-
erated in and calibrated for other apparatus conditions can be
envisaged. Where a specific example of the first application is
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given by way of illustration the skilled person will understand
that the invention is not limited to such cases and will readily
be able to apply aspects of the specific example to such other
examples of the use of a relative data calibration.

A suitable calibration step for example provides for cali-
bration measurement at a plurality of material thickness and/
or for a plurality of material compositions etc. This might be
achieved in that plural standard objects are provided and/or in
that a standard object defines plural standard reference points,
for example defining plural portions of different known thick-
ness, composition etc.

It is envisaged that an identical or at least compatible stan-
dard object or set of standard objects should be used on other
apparatus which has been used to populate the transferable
database. There is thus a common calibration standard. Each
data item of emergent intensity information for a particular
material which has been introduced into the transfer database
is specifically tied to calibration data based on this calibration
standard.

The performance of given standard object and a given
standard calibration process is susceptible to many fewer
variables than the overall performance of different apparatus.
In a preferred case, the calibration routine may additionally
be modified to correct further for tool response over a range of
varied conditions, for example intensity, material density etc.
Accordingly, the use ofacommon calibration standard allows
arelative transfer function to be generated to relate apparatus-
specific data to different apparatus conditions with a suitable
transfer adjustment between different apparatus conditions to
a much higher degree of tolerance. This is underlying prin-
ciple of the invention.

A transfer function is generated by numerical comparison
of the standard results for the reference calibration dataset
with data and the standard results for the apparatus used to
generate each data item. Points of reference on the standard
calibration data for the reference calibration dataset and the
standard calibration data for the apparatus used to generate a
given data item may be fitted together to generate a transfer
function by interpolation to any suitable fitting routine,
including for example linear, logarithmic, or other.

In a possible case, as discussed above, the method is used
to populate a specific apparatus with reference data prior to
use, and the reference calibration dataset is based on a cali-
bration of the apparatus to be populated.

Each data item is then adjusted for the calibration of the
apparatus to be populated with data accordingly. In this way,
an apparatus to be used may be populated with a dynamic
reference database derived from standard reference data from
a range of sources which is specifically calibrated to the
performance of the apparatus to be populated, but which has
been generated previously, for example on other similar appa-
ratus. Calibration of the apparatus prior to use comprises a
relatively simple standard step. It is not necessary to populate
the new apparatus by generation of apparatus specific emer-
gent intensity data for the entire range of likely component
materials. Instead, an entirely relative transfer methodology
is used to transfer data from the transferable database into a
form where it is specifically adjusted to the apparatus on
which the dynamic database is to be populated.

Alternatively, the method is used to populate a central
reference database with data generated from multiple appa-
ratus according to a common reference standard.

Reference herein to intensity data, and to an intensity data
item, should be understood to refer to any numerical data
which can be related to the intensity of emergent radiation
after interaction with an object. This should not be considered
as limited to any strict measure of absolute intensity. Useful
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intensity data items might also comprise for example a rela-
tive measurement of emergent over incident intensity in
which absolute intensity at the detector has been functionally
related to initial intensity from the source, or to a data item
which has been further numerically processed, for example to
generate a material characteristic or parameter which is func-
tionally dependent upon such an intensity relationship. In
accordance with the principles of the invention, intensity
information is collected and resolved into a plurality of fre-
quency bands across the spectrum of the source. It further
follows that it should understood that an intensity data item
may be a data item at a single such band, or may represent a
data item functionally related to intensity resolved in com-
bined manner across a plurality of such bands. Thus, although
for convenience and simplicity of language reference is gen-
erally made herein to “intensity data”, this term will be under-
stood to relate any data which is functionally related to and
reflects the emergent intensity for a particular object, standard
or material.

Reference made herein to emergent intensity is to the inten-
sity received at a suitably placed detection apparatus after
interaction of the incident radiation from the source with an
object in the scanning zone. Any interaction where a known
physical relationship can be used to relate emergent intensity
to incident intensity in suitable functional manner which var-
ies spectroscopically across the plurality of frequency bands
into which the emergent data is resolved can be used for the
purposes of the invention. The invention finds particularly
useful application in relation to the scanning of objects to
measure attenuation of transmitted radiation intensity, in par-
ticular by photoelectric absorption effects, and examples of
the application of the invention are discussed with reference
to such apparatus, but the invention should not be considered
limited to such apparatus.

The invention finds particularly useful application in rela-
tion to the scanning of objects comprising containers of con-
tained materials which by their nature will be expected to
have a single generally homogeneous composition, for
example fluid compositions such as liquids, including mix-
tures, solutions, emulsions, suspensions etc, like flowable
compositions such as gels, pastes, creams, fine powders, and
the like, aerosols etc. References by example to contained
liquids in objects such as liquid containers should be under-
stood as applicable to all such liquid, partly-liquid and other
flowable materials having this essential mixed and generally
homogeneous character when contained.

However, it should be understood that the invention is not
limited to such liquids applications, and many of general
principles of the invention may be equally applicable to het-
ereogenous objects with solid and/or liquid contents.
Example implementations of the invention with reference to
liquids will be understood accordingly.

In accordance with the invention in a second more com-
plete aspect a method of generation of a transferable reference
database for an apparatus for scanning an object by causing
incident radiation to impinge upon the object in a scanning
zone and collecting spectroscopically resolved emergent
intensity information of radiation after interaction with the
object, and of populating a specific apparatus with a dynamic
reference database derived therefrom, comprises the steps of:

generating an apparatus specific calibration dataset of
emergent radiation intensity information generated after
interaction in the scanning zone of at least one standard object
spectroscopically resolved into a plurality of frequency
bands;

generating a material specific transferable data item com-
prising emergent radiation intensity information generated
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after interaction in the scanning zone of an object of known
material composition and/or identity spectroscopically
resolved into a plurality of frequency bands;

linking the material specific transferable data item to the
apparatus specific calibration dataset;

repeating the preceding two steps for a plurality of objects
of known material composition and/or identity to populate a
transferable database comprising a dataset of transferable
data items of emergent intensity information for a range of
possible component materials;

optionally repeating all the foregoing steps for further
apparatus to further populate the transferable database;

applying the transferable database to the method of the first
aspect of the invention.

Thus, the second aspect of the invention comprises in a first
stage amethod of populating a transferable database foruse in
accordance with the first aspect of the invention, and in a
second stage making use of that transferable database in
accordance with a first aspect of the invention.

Although reference is made herein to a “material specific
transferable data item” for a data item obtained from an object
of' known material composition and/or identity, it is important
to emphasise that this does not require that the material com-
position per se is known. The object or material needs to
produce a defined response that potentially identifies it in
unique manner by comparison with a database of equivalent
responses. Such a response is materials dependent, and to that
extent the data is material specific. However both the calibra-
tion and the comparison steps are potentially entirely relative,
with no requirement to generate per se compositional data at
any point.

In accordance with the foregoing method, a transferable
database may be populated by generating emergent intensity
data for a plurality of objects of known material composition
and/or identity, homogenous or heterogeneous, and in par-
ticular for a range of target materials or objects which it is
desired to identify. For each such source machine, data may
be obtained for a large plurality of objects of likely compo-
sition. The database from each source machine in a preferred
case comprises a component database of a larger global trans-
ferable database.

The procedure is for example as follows.

Before data is derived for a first set of machine conditions
a calibration procedure is followed to generate a calibration
dataset for those machine conditions. A calibration dataset
comprises calibration data items for a plurality of scanning
conditions at a plurality of energy bins. A component data-
base of transferable intensity-related information for a range
of objects/materials is then generated, to comprise a popula-
tion dataset. For each component making up the population
dataset a scan is performed of the relevant scan item, and
emergent intensity data is resolved into plurality of energy
bins. This population dataset is tied in cross-referenced man-
ner to the applicable calibration dataset. The process may be
repeated for second and subsequent machine conditions to
generate further population datasets tied to further applicable
calibration datasets and merged into the global transferable
database.

A similar calibration procedure is followed to generate a
calibration dataset for a machine to be populated. A suitable
transfer function is applied to convert each data item in the
transferable database so that it more accurately reflects an
expected data item which would be expected to be generated
by an identical object/material on the machine to be popu-
lated.

The power of such a database population and transfer pro-
tocol is apparent. Without a suitable transferable database
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which could be transferred in a useable and meaningful man-
ner between the machines operating in different machine
conditions it would be necessary to populate any reference
database independently for a given machine condition. Such
a process could be prohibitively time consuming and expen-
sive for a realistic range of materials. Data could not be
transferred between apparatus with certainty. Even for a given
apparatus, a recalibration would require a further repopula-
tion.

By contrast, the protocol of this aspect of the invention
allows a global transferable database to be built up over time
from a plurality of apparatus with potentially differing opera-
tional parameters operating at potentially differing condi-
tions, but in such a manner that the transferable database can
readily be transferred to form a dynamic reference database
suitably calibrated against any operational apparatus.

A transferable database may be built up by generation of
population data items during specific operation of a machine
for that purpose, or may be populated by generation of popu-
lation data items during operation of the machine for its
primary intended purpose. By the same token it follows that
material specific data items generated by the specifically cali-
brated apparatus may be fed back into a global transferable
database.

In accordance with this refinement of the invention, the
method of the first aspect comprises the further steps of:

generating a material specific transferable data item com-
prising emergent radiation intensity information generated
after interaction in to the scanner zone of an object of known
material composition and/or identity spectroscopically
resolved into a plurality of frequency bands;

linking the material specific transferable data item to the
apparatus specific calibration dataset generated previously;

passing the foregoing information to the transferable data-
base to further populate the transferable database.

In a further refinement of the invention, the apparatus to be
provided with a dynamic database in accordance with the first
aspect of the invention need not be a physical apparatus
having physical existence. Such apparatus may instead be a
virtual apparatus created for theoretical testing and/or design
optimisation purposes. Thus, in accordance with this possible
refinement a method in accordance with the second aspect of
the invention is used to provide a dynamic database for a
virtual apparatus, for example for a Monte Carlo simulation.

The calibration process in accordance with the invention
uses at least one standard object. Such at least one standard
object is used to calibrate the apparatus to be calibrated in
accordance with the first aspect of the invention, and an
equivalent at least one standard object is used in the popula-
tion of the transferable database. The said standard object(s)
must be at least equivalently compatible so as to allow for
co-operative numerical processing of the calibration datasets
to generate the necessary transfer functions. Most conve-
niently, a standard object is identically conformed and stan-
dard measurement protocols are identically employed to
maintain this compatibility. Alternatively, at least a known
functional relationship must be maintained between different
standard objects and/or protocols so as to enable numerical
calculation of a suitable transfer function in accordance with
the foregoing.

A suitable calibration standard provides reference data for
at least two calibration points, for example at different mate-
rial thickness and/or compositions etc. A suitable standard
object preferably provides for calibration measurement at a
plurality of material thickness and/or for a plurality of mate-
rial compositions. Additionally or alternatively, a plurality of
standard objects may be used.
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A particularly convenient standard object comprises a stan-
dard block of known material with a plurality of discrete
thickness. For example, a standard block is a block wedge.
However, any standard object which gives good reproducibil-
ity can be employed.

Having regard to the possibility of application of the inven-
tion to a virtual apparatus, a virtual standard object may also
be employed.

In the preferred case, a first standard object is used to
calibrate a first system which generates data for a transferable
database. An essentially identical standard object is used to
obtain a calibration dataset on the system to be calibrated and
populated with a dynamic database. The calibration dataset is
resolved into a plurality of energy bins, and for example in the
example case for a plurality of wedge thicknesses. A set of
transfer functions (one for each energy bin) may be calculated
by fitting the calibration datasets for the two machines. It thus
follows that transmission data for any scanned item in the
database can be transferred from a first system to a second
system by applying the transfer function in a relative manner
without requiring specific absolute calibration of either sys-
tem.

Such a standard object can be manufactured to high toler-
ances, and will thus enable a relative transition between sys-
tems which inherently takes account of the variation between
those systems without needing to evaluate those differences
specifically.

In a possible embodiment intensity information collected
for an object under test during a scanning step is numerically
analysed against a suitable functional relationship relating
emergent to incident intensity and the results compared with
a library of suitable data with the objective of providing an
indication of material content. For example, a ratio is deter-
mined of incident and transmitted intensity, and this ratio is
used to determine a coefficient of mass attenuation, which can
then be related to a library of equivalent coefficient data for
expected target or component materials to gain information
about the likely composition of the object and contents under
scan. However, it is an advantage of the method that since a
reference database is populated for typical material signa-
tures, such a numerical analysis may be unnecessary, and
identification may instead be made by a mere comparison of
the measured emergent intensity data with such a database.

The object being scanned can be positioned stationarily in
the scanning zone or for movement in the vertical or horizon-
tal plane or any other direction depending on the application.
For security or customs screening of liquids in bottles it is
envisaged that the bottle may be mounted in a holder and
moved through a generally vertical plane as mounting the
bottle horizontally could result in spillage of threat materials.
Mounting an object such as a bottle for vertical movement
would require some sort of fastening to keep the object in
place during the scanning movement so the object is prefer-
ably mounted at an angle of between 1° and 80° from vertical,
preferably at an angle of between 5° and 45° and more pref-
erably between 5° and 30°.

Many objects, such as containers, and for example bottles
or cartons of liquids, have a regular shape defining a through
thickness direction through which they might usually be
scanned. For example such a thickness might be defined by
the parallel sides of an object, or by diametrically opposite
points on the surface of an object. The radiation beam can be
arranged so that it is incident perpendicular to the surface of
such an object. That is to say, it passes through an object
normally to its surface and in such a through thickness direc-
tion. If the radiation beam is arranged to pass through the
object at an angle other than perpendicular then the beam
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passes through an increased thickness of the object contents
which canimprove beam absorption and hence analysis of the
object contents. For example, the radiation beam is preferably
arranged to pass through an object at an angle of between 1°
and 80° away from normal to the surface, preferably between
5° and 45° and more preferably between 5° and 30°. If the
object is mounted at an angle of between 1° and 80°, prefer-
ably between 5° and 45° and more preferably between 5° and
30° such as is described above, then using a generally hori-
zontal beam arrangement will give the desired increase in
beam path length through the object contents.

The radiation source preferably comprises a source to
deliver high-energy radiation such as ionising radiation, for
example high-energy electromagnetic radiation such as
x-rays and/or gamma rays, and the detection system is
adapted correspondingly to detect radiation in this spectrum.
The radiation source for example is a broadband source such
as a broadband x-ray or gamma-ray source capable of pro-
ducing broad spectrum emission over a wide range of ener-
gies.

In accordance with the general principles of the invention
radiation is resolved spectroscopically across a plurality of
energy bands within the source spectrum. Intensity related
information is resolved into a plurality of differentiated
energy bands in the sense that it is differentiated simulta-
neously into plural separate energy bands across the spectrum
of the source. In the preferred case, incident radiation is
resolved spectroscopically across at least three and more
preferably at least five energy bands within the source spec-
trum. This can produce data susceptible of more powerful
manipulation than monochromatic data.

So long as the spectrum is resolved into a plurality of
energy bins, the bandwidth is not directly pertinent to the
invention and useful results can be obtained by any suitable
approach to dividing the spectrum, either in whole or in part,
into separate bands. For example, the entire spectrum or a
substantial part thereof may simply be divided between such
aplurality of bandwidths, and each data item be considered as
a measure representative of intensity across the entire band,
and for example an average intensity. Alternatively, a plural-
ity of relatively wide bands, but with discrete gaps therebe-
tween, may be envisaged and analysed on the same basis.
Alternatively, “bands” may be narrow even to the point where
they essentially approximate to an evaluation of intensity at a
single energy. As used herein the concept of intensity at an
energy “band” includes evaluation of intensity at such a dis-
crete single energy as well as evaluation of intensity at an
energy across a narrow or broad bandwidth. The detector
system is adapted to generate spectroscopic information
about emergent radiation incident upon it at least to the extent
ofresolving a plurality of energy bands across the spectrum of
the source, preferably atleast three and preferably at least five
energy bands, in the sense that it is adapted to differentiate
incident radiation simultaneously into plural separate energy
bands across the spectrum of the source. The detector system
preferably exhibits a spectroscopically variable response
across at least a part of the source spectrum allowing such
simultaneous differentiation of incident radiation into plural
energy bands and thus allowing spectroscopic information to
be retrieved and intensity information to be detected at a
plurality of differentiated energy bands across the spectrum
of'the source. Preferably the detector exhibits a spectroscopi-
cally variable response across at least a substantial part of the
spectrum of the radiation source allowing detailed spectro-
scopic information to be retrieved.

The source may be a single broad spectrum source across
which a plurality of bandwidths or single energies may be
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identified. Alternatively or additionally sources may be pro-
vided having narrow bandwidths or generating incident radia-
tion at one or more discrete energies to provide some of the
energies for comparison in accordance with the method of the
invention. In this case the radiation source is a plural source
comprising a combination of sources at different energies to
provide the necessary total spectrum spread to allow resolu-
tion by the detector across a plurality of energies/energy
bands.

For example a plural source comprises an x-ray source
having a relatively lower energy spectrum, for example oper-
ating below 60 keV and for example at 10 to 50 keV and one
or more radioisotope sources generating radiation at higher
energies, for example above 100 keV.

The source is preferably capable of generating a suffi-
ciently broad spectrum of radiation to enable the spectral
resolution necessary for the performance of the invention.
Preferably the source generates radiation across at least one or
more parts of the range of 20 keV to 1 MeV, and more
preferably across at least a part, and for example a major part,
of the range of 20 keV to 160 keV. For example the source
generates radiation ranging across at least one bandwidth of
at least 20 keV within the given range. For example the
spectrum is such that at least three 10 keV bands can be
resolved within that range.

It is preferable that the detector system is enabled to detect
radiation in a manner which is spectroscopically resolvable
by the data processing apparatus. Preferably, a detector sys-
tem, or some or all discrete detector elements making up a
multi-element system, may be adapted to produce spectro-
scopic resolution in that it exhibits a direct spectroscopic
response. In particular a system or element is fabricated from
a material selected to exhibit inherently as a direct material
property a direct variable electrical and for example photo-
electric response to different parts of the source spectrum. For
example, the detector system or element comprises a semi-
conductor material or materials preferably formed as a bulk
crystal, and for example as a bulk single crystal (where bulk
crystal in this context indicates a thickness of at least 500 pm,
and preferably of at least 1 mm). The materials making up the
semiconductor are preferably selected from cadmium tellu-
ride, cadmium zinc telluride (CZT), cadmium manganese
telluride (CMT), germanium, lanthanum bromide, thorium
bromide. Group II-VI semiconductors, and especially those
listed, are particularly preferred in this regard. The materials
making up the semiconductor are preferably selected from
cadmium telluride, cadmium zinc telluride (CZT), cadmium
manganese telluride (CMT) and alloys thereof, and for
example comprise crystalline Cd, (,,,Mn,Zn,Te where
a+b<1 and a and/or b may be zero.

Combination of these and any other such materials may be
considered which give spectroscopic detection rather than
merely detecting amplitude of radiation after interaction with
object and contents.

In a further complete aspect of the invention, a method of
identifying the composition and/or identity of an object is
provided which comprises calibrating a scanner apparatus
and populating a scanner apparatus with a dynamic reference
database in accordance with the first aspect of the invention;

causing an object of unknown composition and/or identity
to be placed into a scanner zone between a radiation source
and a radiation detector system spaced therefrom;

obtaining a dataset of emergent radiation produced by the
object in the scanner zone after interaction with incident
radiation;
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resolving the collected emergent intensity data spectro-
scopically across a plurality of frequency bands in the spec-
trum of the source;

comparing the resolved intensity data with intensity data
items in the dynamic reference database;

obtaining thereby an indication of the material content
and/or identity of the object.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described by way of example
only with reference to the accompanying drawings in which:

FIG. 1 is a schematic representation of a scanning appara-
tus to which the invention could relate, particularly adapted
for the scanning of contained liquids;

FIG. 2 is general schematic of a possible embodiment of
more complete system to identify liquids from the scanning
apparatus of FIG. 1;

FIG. 3 illustrates a typical radiation source spectrum, and
illustrates how it may be partitioned into plural energy bins to
implement the invention;

FIG. 4 illustrates a representative protocol for production
of'a dynamic database library of data calibrated for a system
such as illustrated in FIG. 2 from data which has been col-
lected and transferred from other such system(s);

FIG. 5 illustrates a standard object for use in the protocol of
FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the apparatus illustrated in FIG. 1 an embodiment of a
possible apparatus which might make use of the method of the
invention or a dynamic database generated by the method of
the invention is shown comprising a bottle scanner for scan-
ning liquids in bottles and like objects using x-ray radiation.

In the illustrated embodiment, the principles of the inven-
tion are envisaged in use to provide a machine with a
machine-specific reference dataset in the manner of one
example of the method. On other occasions it may be desir-
able to adjust machine-specific measurements to a standard
reference. These and other examples of the use of a relative
data calibration to relate measured data on a given apparatus
to be used to reference data in a data register generated in and
calibrated for other apparatus conditions can be envisaged by
the skilled person who will readily be able to apply aspects of
the specific example below to such other examples of the use
of a relative data calibration.

In the illustrated embodiment the bottle scanner 10 is pro-
vided with a linear slider shaft 11 to move a bottle holder 12
that is fixedly connected to the linear slider shaft 11 for
movement therewith. The linear slider shaft 11 is capable of
moving the bottle holder 12 in two directions.

The bottle holder 12 comprises a back member 13 against
which the bottle 16 rests and a base member 14 with a top
surface 15 onto which the bottle 16 sits. The bottle 16 is
nested against and into the bottle holder 12 by virtue of the
holder and linear slider shaft being inclined at an angle c.. In
the example this might be an angle of 15° from vertical. For a
bottle, an angle of between 5° and 30° might be convenient.
Other shapes of objects or containers might be held at difter-
ent optimum angles.

The bottle holder back member 13 is preferably provided
with an opening (not shown) to allow a clear path for the x-ray
beam to pass from the bottle to the detector. The opening in
the back member 13 could be a slot shaped aperture running
from the top to the bottom of the back member. The slot
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aperture could be a narrow slot that provides some beam
collimation with a width sufficient to allow the beam to pass
through unimpeded but narrow enough to restrict any scatter
radiation from reaching the detector 22. Additional or other
alternative collimation of the beam on the transmission side
could be provided.

The movement of the bottle holder 12 and bottle 16 along
the linear slider shaft 11 is caused by the rotation of the
electrically powered stepper motor 23. The motor causes the
pulley 24 to rotate, which drives belt 25 which, in turn, drives
the rotation of pulley 26. The rotational motion of pulley 26 is
converted into a rotation of a suitable drive such as a screw
drive (not shown) in the linear slider shaft 11 which creates
the linear motion of the bottle holder 12.

The motor is capable of rotation in either direction and by
controlling the direction of rotation of the motor the direction
of movement of the bottle holder 12 and bottle 16 can be
determined.

As the bottle is moved along the direction of the linear
slider shaft it is caused to pass through an x-ray beam 19. The
incident beam 19 is generated by a source 18, preferably a
tungsten source so that it has a broad spectrum of energies
present in the beam.

The x-ray beam 19 is aligned horizontally. As the bottle is
inclined at an angle o from the vertical the beam does not
strike the bottle perpendicular to the bottle’s surface. This
preferred arrangement gives an increased absorption path for
the beam as it passes through the bottle and its contents.

The incident beam 19 passes through the bottle 16 and
bottle contents 17 where absorption and scatter will take place
along beam path 21 before the transmission beam 22 emerges
from the bottle and is detected by detector 20.

The x-ray beam is preferably collimated by primary colli-
mator 41 provided with aperture 43 and positioned close to
the source 18 and is preferably a pencil beam with one dimen-
sional geometry.

The transmission x-ray beam 20 is preferably collimated
through an appropriate aperture 44 in secondary collimator
42 before it arrives at detector 22.

The detector 22 is preferably a single pixel aligned with the
collimated x-ray beam. The detector generates a signal rep-
resentative of the intensity and energy of interactions with
photons from the transmission x-ray beam 20. These signals
are then processed as detailed in FIG. 2 below. In the embodi-
ment the detector comprises material capable of spectro-
scopic resolution of incident x-rays, and in the specific
example comprises cadmium telluride (CdTe) although it will
be appreciated that alternative materials could be used.

Additional analysis capability could be provided by the use
of'additional detectors to detect those parts of the x-ray beam
that have been scattered in the forward and/or backwards
directions. The transmission beam 20 and forward scattered
x-ray beams could be detected by the use of linear or area
arrays.

In the general schematic representation of FIG. 2, a single
ray path only is shown for simplicity. An x-ray source 18 and
laterally spaced detector apparatus assembly 22 together
define a scanning zone Z between them. In use, a bottle to be
scanned is brought into an x-ray beam path by being placed in
a bottle holder such as that shown in FIG. 1 and being moved
in direction X through the scanning zone by a mechanism
such as that described in FIG. 1 such that the x-ray beam
passes through the bottle along its axis.

In the illustrated example, a bottle sits in the scanning zone
Z. An incident beam 19 from the x-ray source is illustrated. In
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this simple schematic, the incident beam is represented by the
line 19. The transmitted beam 20 is incident upon a single
detector 22.

The detector 22 is in data communication with a processor
32. The inherent spectral resolution of the material in the
detector allows the processor 32 to resolve the transmitted
intensity data differentially across a plurality of pre-set fre-
quency/energy bands in accordance with the principles of the
invention by reference to energy band boundaries stored in
the data register 33.

In the example embodiment a tungsten x-ray source, is
used. A typical spectrum such as might be generated by
tungsten of initial intensity against wavelength is illustrated
in FIG. 3.

The main purpose of FIG. 3 is to illustrate two possible
ways in which the spectrum may be resolved in accordance
with a possible embodiment. In each case, the spectrum is
shown resolved across five frequency bands.

The schematic illustrates two ways in which the spectrum
may be resolved. In FIG. 3a, the bulk of the generated spec-
trum is divided between five relatively broad energy bands b1
to b5. In FIG. 35, five relatively narrow bands, which may
approximate even to individual energies, are defined c1 to c5.
Neither alternative is in contradiction with the principles of
the invention, and any combination may be used to generate
useful results for the numerical analysis employed by the
invention. Additionally, although the calibration population
process of the invention is primarily directed to apparatus
which identify contents of an object by data analysis, the
apparatus may also provide for an imaging function to assist
in the identification of unknown objects. Such an imaging
principle is well known. If an imaging function is used, the
spectroscopic resolution may similarly be used to generate a
spectroscopically resolved image. For example, one or other
of the spectrum divisions illustrated in FIG. 3 could be used
for spectroscopically resolved imaging to give further infor-
mation about an object and contents under investigation.

In an example embodiment, the same principles may be
used to generate general intensity data for a range of bottles
and unknown contents, and to populate a database of intensity
data for known bottles and contents, and thus to characterise
and identify the material contents of an unknown bottle under
investigation. In the example embodiment, the data is analy-
sed numerically. The processor 32 further acts in relation to a
series of identified frequency bands, for example those in
FIG. 3a or 3b, and in this function uses the data to generate a
representative quantification of, and for example an average
of, transmitted intensity in each band, which is then passed to
the intensity data item register 34 for storage.

In a first stage of populating a global reference database a
library of data is generated of intensity information for con-
tained liquids of known composition in known containers by
scanning and determining attenuation of a range of known
liquid/containers. The database provides reference informa-
tion for a range of likely liquid/container combinations,
thereby providing an accurate and rapid matching process for
target liquids. In this way, a scanned container can be matched
against the database of characteristics and a target liquid
indentified. A method of populating such a library is
described in more detail below.

An object under test comprising an unknown contained
liquid may then be scanned in a second stage.

A comparator 36 compares the data thereby produced
through the depth of the bottle with a library of data 37. The
library of data includes pre-stored data of similar or at least
numerically comparable nature which is related to or depends
upon the expected attenuation of transmitted intensity, for
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example including the mass attenuation constant for a range
of' materials, and in particular specified target materials. The
library of data includes intensity information for contained
liquids of known composition in known containers across the
spectrum of the radiation source for multiple permutations of
different path lengths. This may be a manually or automati-
cally addressed library. Data may be preloaded, or may be
generated or added to over time by operation of the apparatus
with known materials.

By virtue of this comparison, inferences may be drawn
about the likely material content in the transmission path.
This may be displayed on the display means 38 or the display
can preferably be delayed until the scan cycle is completed as
described below.

FIG. 4 is a simple schematic illustration of a plausible
protocol by which reference information generated on a first
system (system A) in accordance with the above may be
transferred to a second system (system B) in accordance with
the above and dynamically adjusted in a manner which makes
the reference data dynamically calibrated to the physical
characteristics of the second system. Thus, the first and sec-
ond stage referred to above may more readily be carried out
on different systems without loss of data compatibility. The
example protocol of FIG. 4 is an example protocol applicable
to the example apparatus or any other apparatus to which a
reference database embodying the principles of the invention
could be applied, and is not limited to the example apparatus.

Considering the population of a transferable database by a
plurality of machines or machine conditions M1, M2 etc
(each constituting a “System A” on the flow chart), and the
use of this database to populate a dynamic database on a
machine to be calibrated (constituting a “System B” on the
flow chart), the following general discussion can be made
about the protocol to be followed.

Before a machine is populated for a first set of machine
conditions M1 a calibration procedure is followed to generate
a calibration dataset CD,,,. A calibration dataset comprises
calibration data items for a plurality of scanning conditions at
a plurality of energy bins. Preferably at least three and pref-
erably at least five energy bins are used for each data item.
Preferably, at least five data items are collected corresponding
to scanning data for a range of standard object materials
and/or thicknesses. In a convenient embodiment a standard
object of single homogeneous material may be used compris-
ing at least five such discrete thicknesses.

An example standard object is shown in FIG. 5. This com-
prises a standard stepped block wedge block of nylon mate-
rial. This provides a plurality of discrete thickness in a stan-
dard object which gives excellent reproducibility. Essentially
identical standard objects can thus be provided to calibrate
multiple systems to essentially identical standard.

A component database of transferable intensity-related
information for a range of scan items is then generated, to
comprise a population dataset PD,,,. For each component
making up the population dataset a scan is performed of the
relevant scan item, and emergent intensity data is resolved
into plurality of energy bins. To allow the data for the scan
item to be correlated with the calibration data, it is likely to be
preferable that these energy bins are identical to those used in
the calibration step.

This population dataset PD,,, is tied in cross-referenced
mannerto CD, . The process may be repeated for second and
subsequent machine conditions to generate further popula-
tion datasets (PD,,, etc) for further scan items tied to further
calibration datasets (CD,, etc). Reference herein to different
machine conditions may include populations generated on
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different machines, populations generated on the same
machine at different times, for example under different opera-
tional parameters etc.

The multiple component databases PD,,,, PD,,, which
have been generated thereby can be merged into a global
transferable database TD. Each data item in the global trans-
ferable database remains linked to the calibration dataset
generated at the time it was produced. The global transferable
database is thus transferable by means of the relative calibra-
tion procedure of the first aspect of the invention to any
additional machine of the same general type subject to run-
ning off the same standard calibration protocol and to appli-
cation of an appropriate transfer function to each data item.
This represents the transfer to a System B in the flow chart.

To give effect to this, the transfer database TD is held on a
suitable data register accessible by the System B machine to
be calibrated/populated. The transfer database may be held
locally, for example on the data register comprising a part of
the System B machine or located locally thereto, or be held
elsewhere in data communication with the machine, for
example on a central database accessed via a distributed net-
work.

In order to calibrate the System B machine for a given
operational set of conditions Mx a calibration procedure is
followed to generate a calibration dataset CD, . All calibra-
tion datasets in accordance with the procedure are generated
in numerically compatible manner, and for example using
identical calibration standards such as the block wedge of
FIG. 5. This makes it possible to generate a transfer function
for each population dataset PD, ;,, PD, ., making up the global
dataset TD by deriving a numerical relationship between the
respective calibration datasets CD,,,, CD,,, used in their
generation and the calibration dataset CD, , of the System B
machine to be populated.

A suitable transfer function comprises a function which
applies a correction factor to each data item in the transferable
database so that it more accurately reflects an expected data
item which would be generated on the System B machine to
be populated under machine conditions Mx. In a convenient
embodiment, the transfer function may comprise performing
a simple normalisation step at each energy bin to apply a
scaling factor to a data item from the transferable database to
render it applicable to the dynamic database of the machine to
be populated.

Thus, System B in the figure may be populated by a plu-
rality of reference sources derived from Systems A in a
dynamically matched and usable manner.

The invention claimed is:

1. A method of calibration of a dataset produced by an
apparatus for scanning an object by causing incident radiation
to impinge upon the object in a scanning zone and collecting
spectroscopically resolved emergent intensity information of
radiation after interaction with the object for use with a fur-
ther apparatus for scanning an object, comprising the steps of:

generating an apparatus condition specific calibration

dataset of emergent radiation intensity information gen-
erated after interaction in the scanning zone of at least
one standard object spectroscopically resolved into a
plurality of frequency bands;

populating a transferable database comprising a dataset of

transferable data items of emergent intensity informa-
tion for a range of possible component materials, each
data item comprising emergent radiation intensity infor-
mation for the material spectroscopically resolved into a
plurality of frequency bands, and each data item being
linked to a calibration dataset of emergent radiation
intensity information generated by the said at least one
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standard object specific to the apparatus condition used
to generate the said data item spectroscopically resolved
into a plurality of frequency bands;

generating an apparatus condition specific calibration

dataset for the further apparatus to be used comprising
emergent radiation intensity information generated after
interaction in the scanning zone of at least one standard
object spectroscopically resolved into a plurality of fre-
quency bands for an apparatus condition of the appara-
tus to be used;

for each transferable data item:

generating a transfer function from the functional relation-

ship between the calibration dataset linked to the data
item and the calibration dataset generated for the appa-
ratus to be used by numerical comparison of the calibra-
tion dataset for the apparatus to be used and the calibra-
tion dataset for the apparatus used to generate each data
item; and

applying the transfer function to the transferable data item

to generate a dynamic data item adjusted to the appara-
tus to be used;
thereby populating a data register addressable by the appa-
ratus with a dynamic dataset comprising a dataset of data
items of emergent intensity information for a range of
possible component materials each dynamically
adjusted to the apparatus to be used.
2. A method inaccordance with claim 1 wherein, during the
calibration step, reference data is generated for a plurality of
frequency bands in relation to at least two standard reference
points so that a calibration can be fitted between them by
generation of a suitable transfer function.
3. A method in accordance with claim 2 wherein a calibra-
tion step provides for calibration measurement at a plurality
of material thickness or for a plurality of material composi-
tions.
4. A method in accordance with claim 3 wherein plural
standard objects are provided of different known thickness or
composition.
5. A method in accordance with claim 3 wherein a standard
object is provided that defines plural standard reference
points defining plural portions of different known thickness
or composition.
6. A method in accordance with claim 1 wherein the cali-
bration step is additionally modified to correct further for
apparatus response over a range of varied conditions.
7. A method in accordance with claim 1 applied to objects
comprising containers of contained materials which by their
nature will be expected to have a single generally homoge-
neous composition, comprising fluid compositions including
liquids, including mixtures, solutions, emulsions, and sus-
pensions, like flowable compositions including gels, pastes,
creams, and fine powders, and aerosols.
8. A method in accordance with claim 1 wherein the trans-
ferable database is built up by generation of population data
items during one or more processes comprising: specific
operation of a machine for that purpose and operation of the
machine for its primary intended purpose.
9. A method in accordance with claim 1 wherein the
method comprises the further steps of:
generating a material specific transferable data item com-
prising emergent radiation intensity information gener-
ated after interaction in to the scanner zone of an object
of known material composition and/or identity spectro-
scopically resolved into a plurality of frequency bands;

linking the material specific transferable data item to the
apparatus specific calibration dataset generated previ-
ously;
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passing the foregoing information to the transferable data-

base to further populate the transferable database.
10. A method in accordance with claim 1 wherein one or
more standard objects are used providing for calibration mea-
surement at a plurality of material thickness or for a plurality
of material compositions.
11. A method in accordance with claim 10 wherein a stan-
dard object is used comprising a standard block of known
material with a plurality of discrete thickness.
12. A method in accordance with claim 1 wherein a first
standard object is used to calibrate a first system which gen-
erates data for a transferable database and an essentially iden-
tical second standard object is used to obtain a calibration
dataset on the system to be calibrated and populated with a
dynamic database.
13. A method in accordance with claim 1 wherein radiation
is resolved spectroscopically across and differentiated simul-
taneously into at least five energy bands within the source
spectrum.
14. A method in accordance with claim 1 wherein radiation
is resolved spectroscopically across and differentiated simul-
taneously into a plurality of energy bands within the source
spectrum by use of a detector exhibits a spectroscopically
variable response across at least a substantial part of the
spectrum of the radiation source allowing detailed spectro-
scopic information to be retrieved.
15. A method in accordance with claim 14 wherein the
detector is selected from cadmium telluride, cadmium zinc
telluride (CZT), cadmium manganese telluride (CMT) and
alloys thereof.
16. A method in accordance with claim 15 wherein the
detector comprises crystalline Cd,_,,,sMn,Zn,Te where
a+b<1 and a and/or b may be zero.
17. A method of identifying the composition or identity of
an object which comprises calibrating a scanner apparatus
and populating a scanner apparatus with a dynamic dataset in
accordance with claim 1,
causing an object of unknown composition or identity to be
placed into a scanner zone between a radiation source
and a radiation detector system spaced therefrom;

obtaining a dataset of emergent radiation produced by the
object in the scanner zone after interaction with incident
radiation;

resolving the collected emergent intensity data spectro-

scopically across a plurality of frequency bands in the
spectrum of the source;

comparing the resolved intensity data with intensity data

items in the dynamic dataset;

obtaining thereby an indication of the material content or

identity of the object.

18. A method of identifying an object according to claim
17, wherein the intensity data items in the populated dynamic
dataset comprises a library of spectra for known objects,
wherein the comparing comprises comparing the spectro-
scopically resolved intensity data for the unknown object
with the spectra in the library, and the obtaining comprises
indicating which of'the spectra in the library matches the data
for the unknown object or indicating that none of the spectra
in the library matches.

19. A method of generation of a transferable reference
database for an apparatus for scanning an object by causing
incident radiation to impinge upon the object in a scanning
zone and collecting spectroscopically resolved emergent
intensity information of radiation after interaction with the
object, and of populating a specific apparatus with a dynamic
reference database derived therefrom, comprises the steps of:
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generating an apparatus specific calibration dataset of
emergent radiation intensity information generated after
interaction in the scanning zone of at least one standard
object spectroscopically resolved into a plurality of fre-
quency bands;

generating a material specific transferable data item com-
prising emergent radiation intensity information gener-
ated after interaction in the scanning zone of an object of
known material composition and/or identity spectro-
scopically resolved into a plurality of frequency bands;

linking the material specific transferable data item to the
apparatus specific calibration dataset;

repeating the preceding two steps for a plurality of objects
of' known material composition or identity to populate a
transferable database comprising a dataset of transfer-
able data items of emergent intensity information for a
range of possible component materials; and

applying the transferable database to the method of any
preceding claim.
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